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GENERALIZED ULTRASONIC SYSTEM FUR MICROCOMPUTER CUPTliOLLED DATA CULLECTIIIN

Ronald D. Strong
Los Alamos Scientific Laboratory

Los Alamos, New Mexico 3/545

AI15TRACT

A system developed by the NDE Group of the Los Aldmos Scientific L~brJr~tory for the dULO:UdtlJd

scdrrning of objects with ~n axis of rotdtlon is described. This systcm is still being l?xpdndcd to JI1OW
greater versatil ity in the nroticns. Ddtd which was collected using the system and some tVpicJl test

INTRUDUCTIUN

In order to provide adequate ultrasonic
inspection of parts used or f~bricatcd within the
Los Alamos Scientific Laboratory(LASL), it bccwne
apparent that a specialized scanning systc!m wds
necessary to posiL ion the transducer relati ve to
the parts dnd move the p~rts. Many of the lypicdl
parts which are inspected havu sphericdl gecmwtry.
Two half shells are usually br~zed or welded
together to form the sphere. A scdnncr was
designed and fdbric~ted which could scan the
surf.+ce of a spherical object of vlrtudl Iy my size
to ? maximum didmeter of 225 mn. This sc~nner is
shnwn in fly. 1. The SIZO variation was p~rtially
tccolnrroddt~!through the usc of pedestals of
dlffcrent heights. Initidlly the scdnncr WIIS
cent inuously driven ~nd the resul ts were plottc(i
usinq ,1slaved X-Y rccor(il!r. The X- and
Y-positions were ytinerdtd using a sin-cos
pot~nt lometcr. This c,luspd the recorder to drdw a
circle ds thr? turntdbln moved. The r~dius of this
circle WJS control icd by LIpotcntiometur whicil W(IS
COUI)1rd tn t.ilr!W,)IIII(JI!,II’sh,lft wh ich I)(JSit.inns t.hu
$wirq ,11-111. rhd Ii I, IIm!LI!r (It I,h{!circl ~! is Lhcreto).(,
(1 fllll Ct. i~Jll [If t.hll I1OS I t i(lll rJf f.tll?lr,llltlilll:(!~
IY?I,I:.iv(!t.nthr pqli,l!or rzttho sIIhI!rI!. A
rr?],ltivelyslmpi(! two Jnglu m,lnlplli~tor, which WP
ild(iIII!%iqm!d ,ImiIISI!dprx!vions Iy illmlnu,l1
s(:,lll~ll!rs, wds l:lmlnt.l!dm lib! $WI nq JIIII 10 IIUIIII it.
,IimInq ,1f rh,, f.r,lns(iuct!r.Tho qo/noljo olltI)lltof
Lb,> Fl,rw1),11,,1or f.hI!III tr,ItIIm C In<l,rllm(!nt
cent.roII{!d thl! p[!n 11fL mcch,lni!iIII ot thu rl!cor(i(!r.

Th Is :;c,)rlm!rwnrkl!(iwpl I. W ilh Lh(!
dvlliI,{1)IIity nf lfllcro(:nllll)lllc~”illlr(iwllr(~dnd
sotl.wllr~~,tho mpt 1pm{!nt wds Ilpqr,wi!xito ,!Ilow
S 1111111!! Collt.!”l] t ,)1” t,illI (irl!. d (:(1 I I II(; L iflll 1)1’11[:{!%S i),y

I.h(! Ill 1(; ),11(:.1,11)11 !.l!r, A lItIIIl,():;IIIInIIImW,lt II$IWIL!)
Irl(ltc,lll!1.11(!“0” pI)%iLiIm (Ii I,hv Iut’nl.dhl!!. rtll!
,lllIIIt I tml~ WI I w rlwl f hII Wt.l! ,ltMI(UI 1)111PIII.WIM
t,,df,ll,lfl IIflrl i (III-II III It II I I: IIIIv II I’1,111’(AI)I; ) , :)1111111I l!\

w(~ri~I,,lklvlIt. I)rIMII’,IIInn IWi f. IIIMI iIII:IWIIIIII.t Jf t w t,ho
“’l” 1)[1,, I 1, il)ll will l)!l,,,,l~~l , t hII 11111IL !?(,(1,11111)1It.1111,:
(i,ll,,l WI*)-l* $1, of-l![i 111 ,ll’I’,ly ’i Sli(llllilll 1,11 Iy, ‘,1)I.h,lf.
Lho Il)l:dt. 1o11 of ttll- Iidt.11111 f% t’l’l)l”l~’il)llf ,1!, iVl! of p,ll”t

I 01,111. i:lll I)r Il)tvlllIl(il!,I!11:)1!Irr!lyI’llllt”l,$lltll,llli1)1111
cIhIIIIII.l ,11 rol JI i,)n,tf J IIdrL1(:111111*l,IfItIIIhI. All
!I1’t’!lyll’mll. h of 1~)11[1 Wot’li’iW1l’iI’h(l$lvl,Whl{!h

resulted in samples being taken dt 0.36”
incrameuts.

i;i!l,1 orlyindl ol)jcct SC,InnI!r.

M,tny of t.il(!insp!!ctions ,ir(!mmi{! 011 rqu,ltoriJ I
wt!l(isin vussuls which hjivl~d 5qIId I’11 1):1!1.,Iol:lt.
Cor II qllr!ll,1o11Jt Ill!’W(1Id root.. 111(!W,!l(is
fr(t,plwll,Iy ,11’I!,11s() ,11lUWI!IitI)Ihlvl!,1tinil{! (iiy)til
Ut Inc(nllllll!t,l!ll:~lll!l.rllrion. Ih 1s l’(v~llI1“1!(111’+I.u
lll,llil~ ,1 >pl,lll!i1,Iv{. ,Il,l,l,rlllln, ll 1o11 (11 I,hl$ ;Il!lll,l, r,lf, 1,)11

(iIII)l,il. t hII IIII!,I%III’IIIIII! III of t 1111I,IWrIItII$CL11111
Sitlll,llil,lIlil:.yil’lli1 lilruct !fllil(.Jl I~11of tllll
roll!,11,.llltlt11111,I1)$,11ll~,!ll.Il)tlof I1111s1111:II .11, ,1

11111cl) (il~lll II (} I !Il)l)llt 11,1) 11111or .Ii)l)lll. ;!1): II! I Ill,

\f.1 II th I(:},ll,tl;’.,(il’1,,11 Ill’ ill~lll,ll,,!.11,111“11,11.Ill)!’1,’,11I!
Ill t tll! ?’l~f 1(1(:11o11 1)1~1II(1 lli)til, )’Vl,ll ,11 ,1 ‘l! ’!l,ll. !ll’

11111111)111, 01 1,11 t t 11111*-i WI 111II 1.11(,[)I),JI1[’!\#,l,; .,[:,llllll~li.

Al. Ih l’. Illllllt If, W,l, i lil~l I(il,li I,ll,lf t f Wl]lll(i1)11
,I(!v,ll)l,1!1,,1111$ l,) I\,lv,l I11,1Iwo ,,1:,111111,1.1,1!)11,111.,IIt,lv,. fl

Illl(il, r ,.1)1 f W,ll.1, (.l)llt 1.1)1 11-,1 !Ill ,il 111111111’ 41;!)1 Ill’ m*.



SYSTEM DESCRIPTION

flduplica’e of the original sc,annt=rwas
fabricated with nmdific~tions ~llowinq the
Installation of stepper maturs. The s(:~nner is
used JS pcirt of on intcgr~tcd systenl cunt~ining J
Inicroproccsscr for control . Fig. 2 shows the
components of the enti rc system. The w:anncr is
shown in figure 3. Gedr reduction drives are
utiIized to incrmsc the torque output of the
molors ~nd to clecrmse the rel~ti ve movement of the
driVf?n ,Xis to J rodsi)ndh]c V,IIIIP. A 3iJto 1
rcullctltinon the ver~lc~l ,]xis rotdtion is :Jsud
resu Iting in a incremental movement of 0.12° pcr
step. For the swing dnl] a Xl to 1 reduction was
used which resul ts in iI increnlental movement of
0.003” per step. The p~rticul~r motor driver which
wc ~r~ using drives :hc illotors dt 100 increments
pcr revel utirl. The motors operate ~t 200 steps
pcr revolution but the drive controller outputs two
steps per comwmnd incremont. Both motors arc
operated within the zero error start/stop spe~d
reginw or ~t about 250 steps pcr second. Backlash
within the scanning nmt ions is reduced or, for our
purposes, eliminated by only sc~nning in one
direction. When a p~rticular notion is returned tj
a stdrting position, it is moved past thn desired
st~rt md then repositioned by nmvin~ to that

the controll -r. The confr~iier 1s addressed and
coupl~ti to d single interfdcc with J ~iomation .il(lU
transient rc~ordcr and d M-5 dt!signed storage
di~pl~y controller.

I
I

pnsitlon in the s;)me directio; ds Sc;nning is done.
11]:s is ~ standdrd method for backlash compensation
in nmcr!cdl control mdc’lines.

Fig. 3 Scannur driven by stepper moto,t.
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uhigh level Iangu,lge ~nd the IHACRO ussembly Ianguagc

is used to l]rogr:m the operation of he peripher~l
instruments.

DATA COLLECTION EXAMPLES

As st~tcd ,Ireviously mciny of the inspections
performed using this systt!m ~rf?of cquitori~l
welds. The systtwl is set up by Jd.justing the swing
~rm frame height unt i1 the change or runout in the
water p~th is minimal when the ~nn is rotated.
This positions the wm pivot ~xis so thtst it p~sscs
through the center of the $;-here. Since a shedr
w!~’~t?~n(]]~ bi!.lminsf](?ctior] Is dL!$irL>d, thp
Zr,lnsduccr ,!IJI;lpu lJtor is ~djusced so th~t the IMJIII

is normal to the surface, An offset mgle then is
turnd into the manipul~tur to give J nanimsl 45”
shear bcJm Jnyle. A 5.0 Mhz focused broadb~nd
tr~nsducer( flerotech Al ph~ or P~nametrics VIP
Series) 1s used. ho focusing improves the
sp~t ial resolution along the weld length Jd $he
m~teri Jl thickness is thin enough th~t unsymeiric~l
focusing du: to the spheric~l surf~cc does rot
cause problems. The swing ann is nmved so th,lt th~
bedm is out uf the weld aru~, and the sclnning
process begins. The current. progr,lm makes twenty
rotation,l~ sc~ns i,ith the dm being incrcmcntcd
0.3’; per revolution. This is normally sufficient
to ccnnpletely traverse the weld zunc on the first
bounce. A KB[ KU6(IUI ultrJsmic instrument is
used. This instrument h~s a digital output of both
gdte time r~nd Jmpl itude. At the present time only
the Jmpl itudc word is used. As the sc~nnillg
process progresses the u,lt,lare storod in d two
dimensional Jrr~y. An ~rr~y of the maximum
,lmplltuclcsobser~ed at each lol,gitude is ~lso
rn~int,lined. Thr m,]ximum mnpl iLuclc ,~rrdy ~nd ~
polar plot of drIyd~t~ which cxcecds 50% full scJle
~mplitude is displ~ycd on a stor,lgc scnl.m ,llong
with the current wnpt itudi: d,lta. This JIIOWS the
operator to follow the inspection and 10 m,lku
judg(!mcnts ~bout the VIIIidity IIF the d,lt~. Whuv
the ?C(lnning is c(luplctcd, the Ilccumll11111’.1ddttl
plIIs somu tit1(! In[ormdt Ion is storrrl on tIuppy
disc Fnr fllrth,!r ;)rocrssinq.

The \LI)I.I!Il 11,11.,1 is ;) I(]I 1.(!(1 (JU1 II%III(I,]1)1:[1
1][11)-II/.lljIIIJ {I!r’;,lt.[!c~)rlnll!r/plol.~,crWI tllft,il.
l!xtl!ll~lvl!prrlct!!islllq. Ihll! (III LPIII. IS LhI! 111,1. ,111111

,Imp 1 iEIILII! VIII II I!rJ ,111(1 11 ilOldr i)lgf. !)t ,11 I ~1111111t

wh ich drI! l]rollri~r t.ll!lll ;J(I: (,f fill I Sl:,l 1(! dmpi t Lll(ll!,
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,Nllp]iL!l(h!(1111.LI fnr illI Sc,lns. rhi5 I)l:]Lis shnwll
ill1111 ‘1. l) Ili I fIf l.111~ {)llrll!t j F,! llf I),Iv 1111:l,h~,

Illllx lnllwl .Impl I 111[111 1)Iot l)l,lll.I.IIEPIIhy !Iv!lIIl,lt.I111111111

dlltJ t rom d II 5CJIIS I~ I.h,ltl.hv JII(IU+IIIVII.(N fhII
lupllt. [)rl,ll ;Il,llll! qt till, Ii!,, f 11.l!m 111111,; Ilol 1, IV(, 1,(1

!)1, ,11 Il]fl(!(t ;11,1’1 1,1,1 Iy Illlrlll,ll II) III,,rI)l,lLloIlll ,1x1,,,
Al ‘;(Ithv II(I!Ullliq11)t)1115,11111111$111”!iI,,lll(itll’d1.(11101.
IlllvllIIIl],!IllIlllrtl$r’f!11IIIfllnl,lll , 1)111. ,; IMII1 t(llll,,lm’1,

l,, IIII!lwl,,lIll 1.11!111’pllwlwwl ,
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Ill !1 iillllplr,Wlll{:hIlll,lhl(’1)111.,1111mllll111111111.ll)l;ll,!)1’
.1;I)fll,01 ,Ih)dlfll~dI)rl)plil’1Ill,,, I 1~). ,1 .ill(lW’iIIII*
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Fig. 5 A gr~ph showing the pol~r plot (Ind m,lximum
amplit~du plot from ~ stand~rd cont,lining
1. D. no~chcs with dcpthj of 5, lL),2(I, ~nd
30% of Lhc nlatcri~l thickness.
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I
Hdvc tr~in obt~inud without d spucimcn in
thl!wdter pdth.

Fig. P Hdvc trdin nhL.din,!d with Lhu specimun
lnsert~d ,11.nnnn~l incidoncc.
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SUFtMARv

Autnm!lc d~tJ collection, proc(’ssiny Jnd
~is;)lay using mini- Jnd microcol!l;)utcr ti?ctlno!ogy
hJs bcrn ,IS.M by Group !I-5 of the Ios AI JIMJS
Scientlflc Laboratory LO ~chicve !jrc~ter detJil in
ul:r.ssor,lc inspections. This wds achieved by
asse:nbli!,yJn wtomated scJnner th~l although it
WJS SpeClfl CJ]ly tdll OrCd to spk,~ric Jl \hJ;)es C,ln
bc utilized to perform the sdmplc ,w’d LrJnd UCtr
motions to t,lke d~tJ twm ~irtu~lly Jny s~mple
w!)lch 1.1:11:Pc r(lL.ILi’don dn Jxls durinq :.he
inspection or experiment. idork tin lncru.ising the
typl~S or i~tlon that Jre Jval] able is continuing.
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